The spectrum of tmLQCD with quark and link smearing
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Abstract

The effect of using smeared sink operators on the hadron spectrum is stud-
ied for quenched twisted mass lattice QCD with up, down, and strange
quarks. Gaussiansmearing is used for quark elds, and stout link smear-
ing for gauge elds. Smeared correlators are found to be dominated by the
ground state with a small contribution from excited states, leading to an
impr oved determination of someground state masses.

1 Introduction

1.1 Motiv ation

Twisted mass lattice QCD (tmLQCD) offers an ef cient mechanism for
eliminating unphysical zero modes

[Frezzotti, Grassi, Sint and Weisz, JHEP 08,058 (2001)]

and removing O(a) errors from Wilson simulations

[Frezzotti and Rossi,JHEP 08,007 (2004)]

Previous explorations of the octetand decuplet baryons indicated that sim-
ple local operators are inadequate at small quark masses

[Abdel-Rehim, Lewis and Woloshyn, PoSLAT2005:032,206].

Here, the application of sink smearing is studied.

1.2 Action

We use the Wilson gauge action with atmLQCD fermion action
[Pena, Sint and Vladikas, JHEP09,069(2004)]

X aX
S[; ;v = at xX) M+i s+ 1 5 T (x);
x
where T = (uid;c;s);
M = diag(M;;M;;M¢;Ms);
= diag( ;oo s):

Forward (r ), backward (r ) and symmetric (r ) derivatives arestandard,
and the ¢ eld isirrelevant for our quenched simulations.

1.3 Simulation details

#sites  #con gs aM a physical mass
585 20° 40 594 -0.8965 0.0376 ms
-0.9071 0.0188 ms=2
-0.9110 0.01252 ms=3
-0.9150 0.00627 ms=6
6.0 20° 48 600 -0.8110 0.030 ms
-0.8170  0.015 ms=2
-0.8195 0.010 ms=3
-0.8210  0.005 ms=6
6.2 28 56 200 -0.7337 0.021649 ms
-0.7367 0.010825 ms=2
-0.7378 0.007216 ms=3
-0.7389 0.003608 ms=6

Theseparameters correspond to maximal twist.
In the following, multi-state ts areused to extract ground state masses.
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A2 Mesons

For any quark avor g, the operators g jqand q jq both couple to the neutral vector meson, but the latter can mix with the axial vector away from maximal
twist. The effective massplots without and with smearing are shown in the leftmost gur e.

The rightmost gur e shows meson masses;though twist artifacts could in principle split the charged and neutral vector mesonsat a nonzero lattice spacing, no
such effect was observable.

vector meson effective mass simple linear fit to vector meson masses

b=5.85, m = nf2, neutral channel
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2 Smearing Method
Gaussianquark smearing is used at the sink,
e = (@L+ ) " A

X h i
qx) = Uiax+ ) a(x)
j= 1 20 3
with stout spatial link variables
[Morningstar and Peardon, Phys. Rev. D69, 054501(2004)],
utr u® i y® [ENVICRE

Ul("'i) (x)=exp i }")(x) Uf"’(x):

The four smearing parameters were optimized for the reduction of excited
state contributions at =6.0,leading to =0.15,n =64, =0.15and n =16.

A3 Spin 1/2 baryons

Smearing hasallowed for amore precisedetermination of ground state octet baryons. (For our previous exploration with local operators, seeAbdel-Rehim, Lewis
and Woloshyn, PoOSLAT2005:032,206.) Indications of twist artifacts in massdif ferencessuchasm m . andm m o areseenat = 5:85but not beyond.

dependence of scaling on up-type and down-type quark
(tiny horizontal offsets are for clarity)

simple linear fits to spin-1/2 baryon masses
after continuum extrapolation (linear ifja

3 Discussion

Box Al: The smearing was effective in reducing excited state contribu-
tions. However, this did not always lead to a more preciseprediction for
the ground state mass,compared with multi-state ts to unsmeared data.
BoxesA2,A3,A4: Reasonablypreciseresultsfor vector mesonand spin 1/2
baryon masseswere obtained, and indications of twisting artifacts were
identied on our coarsestlattice. Even with smearing, the spin 3/2 data
were of low quality for myg < ms=2.

Not shown: Negative parity baryons and excited stateswere included in
the multi-state ts, but were not useful for studies of the corresponding
physical states.

Summary: Sink smearingis usefulbut not suf cient to allow precisestudiesof
thebaryonspectrumwith tmLQCD.

The next step: Seeour poster discussing group theoretical operators and
tmLQCD.
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Evenwith smearing, quarks much lighter than ms make tting dif cult.
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